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NONLINEAR TRANSFORMATION OF DIRECTIONAL WAVE SPECTRA
IN SHALLOW WATER
Manuel A. Abreu-Lieutenant, Portuguese Navy
B.S., Escola Naval, Portugal, 1983

M.S., Naval Postgraduate School, 1989
Doctor of Philosophy in Physical Oceanography-September 1991
Advisors: Edward B. Thornton-Department of Oceanography &

Andres Larraza-Department of Physics

A shallow water, nonlinear spectral wave transformation model is developed for conditions of a mild sloping
bottom (u= ¥ h/kh < 1) and small amplitude effects (¢= 7 /h < 1). Nonlinearities and combined shoaling

and refraction effects act on the same time and length scales. The evolution equation of the wave action is
prescribed by the wave Boltzmann equation, whereby resonant collinear triad interactions transfer energy among
Fourier components. Combined shoaling and refraction effects are taken into account through the geometrical
optics approximation. A numerical solution of the three wave collision integral is developed, and the steady state
wave Boltzmann equation is integrated using a piecewise ray method. The model is tested using the high
resolution frequency-directional wave spectrum of Freilich, Guza and Elgar (1990) that shows nonlinear transfers
of energy between both harmonic and non-harmonic frequencies. A digitized version of the measured frequency-
directional spectrum at 10 meter depth is evolved 246 meter shoreward over a bathymetry of straight and parallel
bottom contours to 4 meter depth. The model predicts the prominent spectral features in the measured wave
field. The model results are in general superior to estimates using linear, finite depth wave theory, and they
compare well with the observations in the region of the spectrum dominated by nonlinear effects.

DETECTION OF ABRUPT CHANGES IN STATISTICAL MODELS
David Aviv-Major, Israeli Air Force
B.S., Ben Gurion University, 1981
M.S., Tel-Aviv University, 1987
Doctor of Philosophy in Electrical Engineering-June 1991
Dissertation Supervisors: Roberto Cristi & C.W. Therrien
Department of Electrical and Computer Engineering

This dissertation investigates different types of disorder problems by using sequential procedures for on-line
implementation. The problem is considered within the framework of detecting abrupt changes in an observed
random process when the disorder can occur at unknown times. The focus of this work is on quickest detection
methods for cumsum procedures implemented for different parametric and nonparametric nonlinearities and
their performance evaluation. Both the non-Bayesian (Maximum-Likelihood) and the Bayesian frameworks are
presented but the focus is mainly on non-Bayesian methods for which detailed analysis is provided. The use of
Brownian motion approximations is also included and provides an additional viewpoint of analyzing the
performance for both the non-Bayesian and Bayesian methods.




RECOVERING SIGNALS FROM OPTICAL FIBER INTERFEROMETRIC SENSORS
Charles B. Cameron-Lieutenant Commander, United States Navy
B.S., University of Toronto, 1977
M.S.E.E., Naval Postgraduate School, 1989
Electrical Engineer, Naval Postgraduate School, 1989
Doctor of Philosophy in Electrical Engineering-June 1991
Advisor: Steven L. Garrett-Department of Physics

This dissertation examines three methods of recovering signals cheaply from one class of highly sensitive Optical
Fiber Interferometric Sensors (OFIS). This class of sensors consists of a laser light source; a 2X2 optical fiber
coupler to split the beam in two; a differential transducer which converts a signal of interest into optical phase
shift in the laser light transmitted through the two optical fiber in the interferometer; and a 3X3 optical fiber
coupler which recombines the two beams, producing interference which can be detected electronically. The three
outputs can be operated on symmetrically or asymmetrically to recover the signal of interest. The use of the 3X3
coupler permits Passive Homodyne Demodulation of the phase-modulated signals provided by the interferometer
without feedback control or modulation of the laser itself and without requiring the use of electronics within the
interferometer. One of the three methods discussed in this dissertation performs symmetric demodulation with
analog electronics. Another uses analog-to-digital conversion of the signals and performs asymmetric
demodulation. The three methods are characterized by their harmonic distortion, minimum detectable signal,
bandwidth, dynamic range, noise, complexity, and approximate cost.

A STOCHASTIC APPROACH TO PATH-PLANNING IN
THE WEIGHTED REGION PROBLEM
Mark Richard Kindl-Major, United States Army
B.S., United States Military Academy, 1974
M.S., Naval Postgraduate School, 1983
Doctor of Philosophy in Computer Science-March 1991
Advisor: Man-Tak Shing-Department of Computer Science

Planning efficient long-range movement is a fundamental requirement of most military operations. Intelligent
mobile autonomous vehicles designed for battlefield support missions must have this capability. We propose an
efficient heuristic algorithm for planning near-optimal high-level routes through complex terrain maps, modeled
by the Weighted-Region Problem (WRP). The algorithm is driven by our adaptation of the combinatorial
optimization technique called simulated annealing. The WRP provides a cartographically powerful representation
for planar maps. Terrain features are modeled by polygonal homogeneous-cost regions. A cost coefficient
assigned to each region indicates the relative cost per unit distance for movement in that region by a point agent
on the ground. Region cost coefficients are assumed to be invariant with direction of movement. Given a start
and a goal point, a solution (not necessarily optimal) is a set of piecewise-linear connected segments, spanning
from start to goal. The cost of a solution path is the sum of the weighted lengths of all segments in the path,
where the weighted length of each segment is the product of its Euclidean length and the cost coefficient of the
region it crosses. Ideally, we seek the least cost path. However, as problem instances approach the actual
complexity of the battlefield, faster solutions become more desirable than absolute optimality. We introduce
heuristics designed to reduce the search space independently of start and goal location, this allowing map
preprocessing. We use other heuristics to improve the efficiency of local cost function optimization as well as
the annealing process itself.




ANOMALOUS DIURNAL CURRENTS IN THE VICINITY
OF THE YERMAK PLATEAU

Christophe Prazuck-Lieutenant Commander, French Navy
Ingenieur de ’Ecole Navale, 1981

Doctor of Philosophy in Physical Oceanography-June 1991

Advisor: Roland W. Garwood-Department of Oceanography

Unexpectedly strong diurnal tidal currents, in a region dominated by semi-diurnal tidal surface displacements,
were observed in the ARCTEMIZ 86 and 87 and CEAREX 89 records of buoy drift over the Yermak Plateau,
a submarine feature north of Svalbard. Similar diurnal currents were observed during the FRAM III, FRAM
IV experiments. Data Analysis of the positions of the thirty satellite-tracked drifting buoys provides a description
of the diurnal current field with good spatial coverage. This statistical description shows that tidal diurnal
currents are enhanced over the entire plateau region. However, specific smaller regions above the plateau (order
of 90 km) exhibit locally an even stronger and highly polarized response to the tide that has not been explained
until now. Firstly, a simple analytic model is used to show that the variation in the steepness of the slopes of
the plateau could be responsible for significant spatial variations in the diurnal current field. Secondly, a
numerical model shows that the variation in the curvature of the plateau is also important. Furthermore, the
numerical model shows that the curvature of the topography causes the Yermak Plateau to act like a filter,
responding resonantly to forcing with periods ranging from approximately 20 to 35 hours.

AN INVESTIGATION OF NONLINEAR CONTROLS AND REGRESSION-ADJUSTED ESTIMATORS
FOR VARIANCE REDUCTION IN COMPUTER SIMULATION
Richard L. Ressler-Major, United States Army
B.A., University of Pennsylvania, 1978
M.S., Naval Postgraduate School, 1987
Doctor of Philosophy in Operations Research-March 1991
Advisor: Peter A.W. Lewis-Department of Operations Research

This dissertation develops new techniques for variance reduction in computer simulation. It demonstrates that
applying nonlinear transformations to control variables can increase their effectiveness over linear controls. It
shows how one can reduce the variance of quantile estimates, where the quantile of interest is a continuous and
strictly monotone transformation of the control quantile, by transforming the control quantile with a different
continuous and strictly monotone transformation. Asymptotic expansions are developed to validate the improved
performance of the nonlinear control for the quantile estimate. Finally, in the realm of regenerative simulation,
regression-adjusted techniques are applied to controlled regenerative estimates. The resulting estimates have
a greatly reduced estimated mean square error,




AN INVESTIGATION OF MULTIVARIATE ADAPTIVE REGRESSION SPLINES FOR
MODELING AND ANALYSIS OF UNIVARIATE AND SEMI-MULTIVARIATE TIME
SERIES SYSTEMS
James G. Stevens-Major, United States Army
B.S., United States Military Academy, 1977
M.S., Naval Postgraduate School, 1987
Doctor of Philosophy in Operations Research-September 1991
Advisor: Peter A.W, Lewis-Department of Operations Research

This dissertation investigates the use of multivariate adaptive regression splines (MARS), due to Friedman, for
nonlinear regression modeling and analysis of time series systems. MARS can be conceptualized as a
generalization of recursive partitioning that uses spline fitting in lieu of other simple fitting functions. MARS
is a computationally intensive methodology that fits a nonparametric regression model in the form of an
expansion in product spline basis functions of predictor variables chosen during a forward and backward recursive
partitioning strategy. The MARS algorithm produces continuous nonlinear regression models for high
dimensional data using a combination of predictor variable interactions and partitions of the predictor variable
space. By letting the predictor variables in the MARS algorithm be lagged values of a time series system, one
obtains a univariate (ASTAR) or semi-multivariate (SMASTAR) adaptive spline threshold autoregressive model
for non-linear autoregressive threshold modeling and analysis of time series, thereby extending the threshold
autoregression (TAR) time series methodology developed by Tong. The models seem well suited for taking into
account the complex interactions among multivariate, cross-correlated, lagged predictor variables of a time series
system. A significant feature of this time series application of MARS is its ability to produce models with limit
cycles when modeling time series data that exhibit periodic behavior. In a physical context, limit cycles represent
a stationary state of sustained oscillations. A difficulty faced during regression modeling is the problem of model
selection, i.e., choosing the appropriate model dimension and model predictor variables. Currently, a modified
form of generalized cross validation (GCV™), first suggested by Craven and Wahba, is used for model selection
within the MARS algorithm. However, one question that immediately develops is whether GCV™ is the ‘best’
criterion for model selection when using serially and cross-correlated time series data. Using MSE as a measure
of performance, simulations show that other model selection criteria, in particular the Schwarz-Rissanen (SC)
criterion, can improve model selection over GCV*.




AERONAUTICAL
ENGINEER




OSCILLATING-FLOW WIND TUNNEL STUDIES FOR
A CIRCULATION CONTROL CIRCULAR CYLINDER
George P. Christopoulos-Lieutenant, Hellenic Navy
B.S., Hellinic Naval Academy, 1982
M.S., Naval Postgraduate School, 1990
Master of Aeronautical Engineering-March 1991
Adyvisors: Louis V. Schmidt & Richard M. Howard-Department of Aeronautics & Astronautics

A two-dimensional circulation control (4.25-inch diameter by 24-inch span) model was designed for installation
in the Naval Postgraduate School oscillating flow, low speed wind tunnel. An adjustable, tangential blowing slot
was included in the design to provide a circulation control capability using the Coanda flow effect aft of the
spanwise slot. Orifice locations were defined for obtaining surface static pressures which could be subsequently
processed to yield section lift and drag coefficients. While the model was being fabricated, pressure system
calibrations were made to determine the dynamic transfer function from a simulation of the model’s static
pressure orifice when connected to the pressure transducer. Similar transfer functions were determined for a
static pressure probe. The existing data acquisition system was used to process the sampled digital data
sequence. Clear-tunnel flow calibrations were performed in the (2-foot by 2-foot by 18.6- foot long) test section
at a mid-length test station using a hot-wire and the calibrated static pressure probe. An oscillating velocity was
superimposed upon a mean free stream motion using an existing rotating mechanism of four synchronized shutter
at the end of the test section. Analytic estimates of both static pressure and velocity perturbations correlated
well with experimental results for a frequency range of 14 to 40 Hz with a fixed value of shutter blockage. A
surprising result confirmed by these tests was that, although the amplitude of the velocity perturbation wave
remained relatively constant at 5 percent of the mean free stream velocity, the amplitude of the static pressure
wave showed a periodic dependence upon the frequency of the harmonic blockage source.

PRELIMINARY INVESTIGATION OF THE SHOCK-BOUNDARY LAYER
INTERACTION IN A SIMULATED FAN PASSAGE
Christopher Clay Collins-Lieutenant, United States Navy
B.S.E.E., United States Naval Academy, 1984
Aeronautical Engineer-March 1991
Adyvisor: R.P. Shreeve-Department of Aeronautical Engineering

A two-dimensional, two-passage simulation of the relative flow through a transonic fan at M=1.4 was designed
with a view to providing an apparatus in which to assess the effectiveness of passive vortex generator techniques
in alleviating shock-boundary layer interaction effects. The design of the model and the results of six tests in the
transonic cascade blowdown wind tunnel are described. Schlieren photographs of the shock structure were
obtained at back pressures lower than the design value. The back-pressure control valve was identified as being
critical to completing the experimental simulation. The flow through the cascade geometry was computed at
design pressure ratio using an Euler code. Modifications to the grid are recommended before thin-layer Navier-
Stokes calculations are performed.




FLOW VISUALIZATION AND WAKE ANALYSIS FOR STANDARD
AND MODIFIED CONFIGURATIONS OF THE AN/ALQ-78 ANTENNA POD
James F. Small-Lieutenant, United States Navy
B.S., United States Naval Academy, 1978
M.S,, Naval Postgraduate School, 1990
Master of Aeronautical Engineering-March 1991
Advisors: S.K. Hebbar & M. F. Platzer-Department of Aeronautics & Astronautics

A low-speed wind tunnel investigation was conducted to compare the aerodynamic flow field characteristics for
standard and modified configurations of a 20 percent scale modcl of the AN/ALQ-78 electronic support
measures system antenna pod. The modification consisted of replacing the standard quasi-conically shaped
radome with a cylindrical radome and adapter collar. The research was requested by the Naval Air Systems
Command (NAVAIRSYSCOM) as part of a risk and feasibility assessment in preparation for possible full-scale
flight tests of the modified configuration. Wake flow visualization was conducted to determine the general
characteristics of the flow field. Base pressure measurements were made to assess three-dimensional effects.
The presence of coherent vortex shedding in the wake was investigated using a cross-probe constant temperature
hot-film anemometer and spectrum analyzer. The Reynolds number varied from 4x104 to 6x 105 with the upper
value approximately equal to one-eighth that of the full- scale pod in flight. Asymmetric vortex shedding was
visualized in the wakes of both configurations at subcritical Reynolds numbers. The modified configuration
exhibited a pronounced region of quasi-two-dimensional flow during wake visualization and base pressure tests,
indicating a significant increase in the acrodynamic forces acting on the pod stucture. Spectral analysis of the
hot-film output confirmed the presence of coherent vortex shedding in the wakes of both models at subcritical
Reynolds numbers.

A WING ROCK MODEL FOR THE F-14A AIRCRAFT
Steven Roland Wright, Lieutenant, United States Navy
B.S., United States Naval Academy, 1984
M.S., Naval Postgraduate School, 1990
Aeronautical Engineer-March 1991
Advisor: Louis V, Schmidt-Department of Aeronautical & Astronautical Engineering

An investigation of inertial coupling and its contribution to wing rock in the F-14A aircraft has been conducted.
Wind tunnel data was used to obtain the stability parameters for angles of attack from zero to 25 degrees, after
which linear and nonlinear analyses of the equations of motion were completed. The linearized analysis of the
uncoupled longitudinal and lateral-directional equations was included to provide a baseline for comparison with
the fully coupled, nonlinear equations. In both cases, the equations of motion were solved numerically and time
history traces produced to illustrate aircraft response. Results indicate that a stable short period mode can feed
damping energy into an unstable dutch roll mode via the coupling of the equations to produce a stable limit cycle
very similar to those experienced in the aircraft. Numerous suggestions for follow on research are presented.
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DATA COMPRESSION USING ARTIFICIAL NEURAL NETWORKS
Bruce E. Watkins-Lieutenant, United States Navy
B.S., University of California, Santa Barbara, 1984
Electrical Engineer-September 1991
Advisor: Murali Tummala-Department of Electrical and Computer Engineering

This thesis investigates the application of artificial neural networks for the compression of image data. An
algorithm is developed using the competitive learning paradigm which takes advantage of the parallel processing
and classification capability of neural networks to produce an efficient implementation of vector quantization.
Multi-Stage, tree searched, and classification vector quantization codebook design techniques are adapted to the
neural nctwoik design to reduce the computational cost and hardware requirements. The results show that the
new algorithm provides a substantial reduction in computational costs and an improvement in performance.
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ENHANCEMENT OF BOILING HEAT TRANSFER IN DI-ELECTRIC FLUIDS
Robert A. Egger-Lieutenant, United States Navy
R.E. Mechanical Engineering, Cleveland State University, 1985
Mechanical Engineer-September 1991
Advisor: Matthew D. Kelleher-Department of Mechanical Engineering

Direct application of two-phase heat transfer in the liquid cooling of electronic components in fluorinated
hydrocarbons (FC-72), is severely inhibited by the excessive amount of superheat required to initiate nucleate
boiling. To conduct an experimental study of nucleate pool boiling of FC-72, an experimental test chamber was
constructed. This chamber utilized five horizontal platinum wires of 0.05 mm diameter spaced 2.0 cm vertically
from cach other. The lowest wire was progressively heated from the natural convection region through nucleate
boiling, and a study was made on the effects of the boiling wake plume on the heat transfer rate of the upper
wires.

EFFECTS OF CENTRIFUGAL INSTABILITIES ON LAMINAR/TURBULENT TRANSITION
IN CURVED CHANNELS WITH 40 TO 1 ASPECT RATIOS
Michael R. Kendall-Lieutenant, United States Navy
B.S., University of the State of New York, 1985
Mechanical Engineer-June 1991
Advisor: Phillip M. Ligrani-Department of Mechanical Engineering

Dean vortices in curved channels with 40 to 1 aspect ratios were measured and studied over the range of Dean
numbers from 50 to 450. At low Dean numbers (<50) the flow is fully laminar. At higher Dean numbers, the
development of vortex pairs as the primary instability was a function of Dean number and the angle of curvature.
Higher Dean numbers required less curvature to produce the vortices. At Dean numbers from 75 to 200,
secondary instabilities developed in the form of vortex pair undulations, vortex pair twisting, and in the form of
events where vortex pairs appear and disappear. These secondary instabilities are also a function of Dean
number and curvature. Twisting leads to increases in longitudinal fluctuating intensities, particularly in the
upwash region from the concave wall, which are especially significant at Dean numbers above 150. Fluctuation
increases eventually lead to fully turbulent conditions and depend on location in the spanwise/radial plane
relative to a vortex pair structure, where upwash regions from the concave wall are the most unstable. Fully
turbulent flow develops at Dean numbers greater than about 400.
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NUMERICAL EXPERIMENTS IN UNSTEADY FLOWS
THROUGH THE USE OF FULL NAVIER-STOKES EQUATIONS
Christopher J. Putzig-Lieutenant, United States Navy
B.S., University of Idaho, 1983
Mechanical Engineer-June 1991
Master of Science in Mechanical Engineering-June 1991
Advisor: Turgut Sarpkaya-Department of Mechanical Engineering

The numerical simulations of impulsively started flow, non-impulsively started flow, sinusoidally-oscillating flow,
and, finally, co-existing flow (with 1iean and oscillatory components) past a circular cylinder have been
investigated in great detail through the use of several compact schemes with the Navier-Stokes vorticity/stream
function formulation for various Reynolds numbers, frequency parameters,, and ambient flow/oscillating flow
combinations using VAX-3520 and NASA’s Supercomputers. Extensive sensitivity analysis has been performed
to delincate the effects of time step, outer boundary nodal points on the cylinder, and the use of higher order
polynomials in the calculation of the gradient of wall vorticity. The results have been compared with those
obtained by others, whenever available, and with those obtained experimentally. In many cases the predicted
wake region, vorticity and pressure distributions, and the time-variation of the force coefficients have shown
excellent agreement with those obtained experimentally.
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STABILITY AND CONTROL FLIGHT TESTING OF A
HALF-SCALE PIONEER REMOTELY PILOTED VEHICLE
Kent R. Aitcheson-Lieutenant, United States Navy
B.A., Whitworth College, 1976
Master of Science in Aeronautical Engineering-September 1991
Advisor: Richard M. Howard-Department of Aeronautics and Astronautics

Stability and control flight testing was conducted on a half-scale Pioneer remotely piloted vehicle. The aircraft
was instrumented with sensors to measure flight control deflections, angle of attack, side slip angle, and airspeed.
A developmental telemetry transmitter was installed to send the information to a ground based receiver where
it was recorded for computer processing. Flight tests were conducted to characterize longitudinal static stability
by varying the center of gravity to determine the neutral point. Directional static stability was characterized using
steady heading side slip flight tests. The telemetry system’s performance was acceptable and the directional
stability data correlated favorably with data gathered from wind tunnel testing and computational methods.
Longitudinal stability was more difficult to characterize due to limitations of elevator deflection resolution and
the amount of data gathered. Additional flight testing will be conducted to tune the telemetry system with the
data collection sensors, and to increase the Pioneer static stability data base.

ESCAPE STRATEGIES FOR TURBOPROP AIRCRAFT IN
MICROBURST WINDSHEAR
Richard B. Bobbitt-Lieutenant Commander, United States Navy
B.S., University of South Florida, 1978
Master of Science in Aeronautical Engineering-March 1991
Advisor: Richard M. Howard-Department of Aeronautics & Astronautics

A quantitative analysis was carried out on the performance of turboprop aircraft within a microburst windshear.
The objective of the analysis was to provide specific flight procedures for optimal navigation through the
windshear. The microburst windshear model used in the analysis embodied the severe characteristics of the
microburst encountered by Delta Flight 191 during an approach to landing at Dallas/Ft. Worth, 2 August, 1985.
Different escape strategies were tested using the flight performance characteristics of the U.S. Navy’s P-3 "Orion"
and T-44 " Pegasus” aircraft. The three flight phases investigated were approach to landing, takeoff, and the low
altitude ASW mission. Results from the analysis were coupled with the pilot’s view-pcint from which conclusions
were drawn. The results of the analysis support a constant-pitch angle escape procedure. The same procedural
steps can be used for both aircraft in any configuration or situation with the difference being the degree of pitch
to employ. The conclusions are in a format for integrating specific microburst escape procedures within the
NATOPS programs for the P-3 and T-44 aircraft.
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A WIND TUNNEL STUDY OF THE PIONEER REMOTELY
PILOTED VEHICLE
Robert M. Bray-Captain, United States Marine Corps
B.S.E., Purdue University, 1982
Master of Science in Aeronautical Engineering-June 1991
Advisor: Richard M. Howard-Department of Aeronautics & Astronautics

Remotely Piloted Vehicles (RPVs) performed impressively well in the recent Gulf War. The Pioneer RPV has
been fielded as the ground-launched, short-range RPV for the Marine Corps and as a RATO-launched, short-
range RPV operating off of the Navy’s battleships. A realistic flight simulation of the Pioneer RPV for training
system operators was desired. A 0.4-scale model of the Pioneer RPV was tested in the Wichita State University
7 by 10 foot wind tunnel to acquire its acrodynamic coefficients. A collateral benefit was the calculation of the
Pioneer RPV’s flight performance. Graphs and tables of the stability and control derivatives necessary for a
six-degree-of-freedom simulation are included in this thesis. Additionally, performance predictions were
calculated using these newly acquired acrodynamic data and engine test data from the Naval Air Propulsion
Center. Preliminary comparisons indicate good corrclation between the wind tunnel based performance
predictions and actual flight data.

HUMAN POWERED HELICOPTER: A PROGRAM FOR DESIGN AND CONSTRUCTION
Scott Alan Bruce-Lieutenant Commander, United States Navy
B.S., United States Naval Academy, 1979
Master of Science in Aeronautical Engineering-June 1991
Advisor: E. Robert Wood-Department of Aeronautics & Astronautics

The various aspects of helicopter design and human-powered aircraft design were studied to present a program
to build a human-powered helicopter (HPH) at the Naval Postgraduate School (NPS). The HPH will be
designed to meet the requirements for the AHS-Sikorsky Award. The helicopter design is refined, and the
feasibility of construction is assessed. In addition to pursuing a significant historical achievement, the program
seeks to enchance the helicopter and composite programs of the Aeronautical Engineering curriculum at the
NPS. Benefits to NPS in terms of research topics and a research aircraft are presented. Potential future uses
for ultra-low-powered aircraft technology are also outlined.
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STRUCTURAL CONSIDERATIONS FOR AIRCRAFT PAYLOAD
MODIFICATION- P-3C ZERQ FUEL WEIGHT INCREASE
Steven D. Culpepper-Lieutenant, United States Navy
B.S., United States Naval Academy, 1983
Master in Aeronautical Engineering-March 1991
Advisor: Edward M. Wu-Department of Aeronautics & Astronautics

The Navy is considering the feasibility of increasing the patrol aircraft P-3 zero fuel weight enabling avionics and
payload growth. This analysis examines the consequences to the structural requirements of the center section
wing box. Two solutions to the structures field equations are investigated: a simplified hand solution for
preliminary feasibility calculations and a more precise solution for preliminary feasibility calculations and a more
precise solution for design analysis. Together, the solutions provide a necessary check for the results. The
simplified solution employs the Euler-Bernoulli assumption which generates a set of integrals expressed in terms
of the assumed displacements. These integrals, when combined with simplified geometric shapes and symmetry,
ultimately produce a decoupled matrix solution. The precise solution uses a PC based finite element method
which simultaneously solves the field equations for basic elements to be linked together with the appropriate
boundary conditions. For the current 135,000 pound gross weight lg load condition, the internal stresses
calculated by finite element are in accord with those by simplified hand calculation. Extension from this
modeling will generate design criterion for the target 95,000 pound zero fuel weight aircraft as well as alternate
flight or taxi conditions.

DESIGN AND TESTING OF A CASELESS SOLID-FUEL INTEGRAL-ROCKET
RAMJET ENGINE FOR USE IN SMALL TACTICAL MISSILES
Keith J. Fruge-Captain, United States Army
B.S., United States Military Academy, 1981
Master of Science in Aeronautical Engineering-September 1991
Advisor David W. Netzer-Department of Aeronautics and Astronautics

An investigation was conducted to determine the feasibility of a low-cost, cascless, solid-fuel integral-rocket
ramjct (IRSFRJ) that has no ejecta. Analytical design of a ramjet powered air-to-ground missile capable of
being fired from a remotely piloted vehicle or helicopter was accomplished using current JANNAF and Air Force
computer codes. The results showed that an IRSFRJ powered missile can exceed the velocity and range of
current systems by more than a two to one ratio, without an increase in missile length and weight. A caseless
IRSFRJ with a non-ejecting port cover was designed and tested. The experimental results of the static tests
showed that a low-cost, caseless IRSFRJ with a non-ejecting port cover is a viable design. Rocket-ramjet
transition was demonstrated and ramjet ignition was found to be insensitive to the booster tail-off to air-injection
timing sequence.
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STORE SEPARATION METHODOLOGY ANALYSIS
Darcy Michael Hansen
B.S., Arizona State University, 1983
Master of Science in Aeronautical Engineering-September 1991
Advisors: Oscar Biblarz & Louis Schmidt
Department of Aeronautical and Astronautical Engineering

Various computational methods and operational computer codes used to predict the acrodynamic coefficients
and scparation trajectorics of aircraft stores are reviewed. The semi-empirical aeroprediction code Missile
DATCOM is uscd to obtain the cocfficients of the modeled store. These coefficients, together with the modeled
ejcction forces, arc used in frce-stream state-space cquations of motion to predict the store trajectory. The
results are compared with the NEAR store separation code which provides accurate trajectory profiles, for speeds
below the subsonic Mach critical speed, by use of a vortex-lattice and panel method. Modification of the Missile
DATCOM aerodynamic coefficients provides single-point state-space prediction of the store pitch trajectory to
within 30% of the NEAR code values. Store trajectories were restricted to the first 0.2 seconds of free-flight.

STUDIES IN CHAOS USING STOCHASTIC METHODS
Edward A. Healy, Jr.-Captain, United States Army
B.S., United States Military Academy, 1981
Master of Science in Aeronautical Engineering-June 1991
Advisor: Ramesh Kolar-Department of Aercnautics and Astronautics

Mecthods of chaos have becn used to classify many heretofore inexplicable nonlinear dynamical systems in ficlds
as diverse as ecology to engineering and economics to meteorology. This thesis presents the mathematical
background needed to understand chaos as well as the engineering techniques used to study the nature of
dynamical systcms. Several dynamical systems are studied using two probabilistic measures of chaos, fractal
correlation dimension and the multivariate scaling analysis. A new technique for developing a multivariate
scaling analysis using a time¢ embedding procedure is presented. The dynamical systems studied include the
Lorenz equations, Duffing’s equation and helicopter flight vibrations.
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COMPOSITE STRENGTH STATISTICS FROM FIBER STRENGTH STATISTICS
Eric P. Johnson-Lieutenant Commander, United States Navy
B.S.M.E., University of Kansas, 1978
Master of Science in Aeronautical Engineering-June 1991
Advisor: Edward M. Wu-Department of Aeronautics & Astronautics

Ulilization of composites in critical design applications requires an extensive engineering experience data base
which is generally lacking, especially for rapidly developing constituent fibers. As a supplement, an accurate
reliability theory can be applied in design. This investigation is a part of a research effort to develop a
probabilistic madel of composite reliability capable of using data produced in small laboratory test samples to
predict the behavior of large structures with respect to their actual dimensions. This work included testing of
composite strength which was then used in exploring the methodology of predicting composite reliability from
the parent single filament fiber strength statistics. This required testing of a coordinated set of test samples
which consisted of a composite and its parent fibers. Previously collected fiber strength statistics from two
different production spools were used in conjunction with the current effort. This investigation established that,
for a well made composite, the Local Load Sharing Model of reliability prediction exhibited outstanding
correlation with experimental data and was sufficiently sensitive to predict deficient composite strength due to
a specific fiber spool with an abnormally weak lower tail. In addition, it provided an upper bound on the
composite reliability. This investigation is unique in that it used a coordinated set of data with an unambiguous
gencsis of parent fiber and subsequent composite. The findings of this investigation are also definitive in that
six orders of extrapolation of size in reliability prediction has been verified.

MULTIPLE-WAVELENGTH TRANSMISSION MEASUREMENTS IN ROCKET MOTOR PLUMES
Hong-on Kim-Major, Korean Air Force
B.S., Korean Air Force Academy, 1981
Master of Science in Aeronautical Engineering-September 1991
Advisor: David W. Netzer-Department of Aeronautical and Astronautical Engineering

Multiple-wavelength light transmission measurements were used to measute the mean particle size (d,,), index
of refraction (m) and standard deviation (o) of the small particles in the edge of the plume of a small solid
propellant rocket motor. The results have shown that the multiple-wavelength light transmission measurement
technique can be used to obtain these variables. The technique was shown to be more sensitive to changes in
d,, and standard deviation (o) than to m. A GAP/AP/4.7% aluminum propellant burned at 25 atm produced
particles with d;,=0.15040.006 ¢, 6=1.50+0.04 and m=1.63+0.13. The good correlation of the data indicated
that only submicron particles were present in the edge of the plume.
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FLIGHT OPERATIONS FOR HIGHER HARMONIC CONTROL RESEARCH
James Joseph McGovern-Lieutenant, United States Navy
B.S., United States Naval Academy, 1983
Master of Science in Aeronautical Engineering-March 1991
Advisor: E. Roberts Wood-Department of Aeronautics & Astronautics

The Department of Aeronautics and Astronautics at the Naval Postgraduate School (NPS) is interested in
extending the useful life of Naval helicopters. Recognizing the need to reduce vibrations caused by aerodynamic
loads on the rotor system, a Higher Harmonic Control (HHC) research effort has begun. The test vehicle of
the HHC system is a Remotely Piloted Helicopter (RPH). This thesis contains an overview of the NPS HHC
research effort including basic helicopter dynamics, HHC theory, and establishes research milestones. An RPH
flight operations program was developed that included the first flights of two out of three RPH’s being used in
the research effort, identification of data and data acquisition requirements, and initial hover vibration tests. The
vibration tests produced data of limited value. The two bladed RPH tested appears to produce peak
accelerations at roughly twice the main rotor speed. This indicates that like a full scale helicopter, the largest
vibrations do enter the airframe through the rotor system and are not a result of engine vibrations. Hence,
RPH’s are suitable for HHC research. This effort completed one portion of the long term HHC research and
can lead to the practical and safe testing of a fully functioning HHC system.

AN AERONAUTICAL ENGINEERING USER’S MANUAL TO THE
HP-28S HANDHELD CALCULATOR
Harry F. Molyneux-Lieutenant Commander, United States Navy
B.S., Purdue University, 1980
Master of Science in Aeronautical Engineering-March 1991
Advisor: Oscar Biblarz-Department of Aeronautics

Handheld calculators are now powerful enough to have become indispensible tools for the engineer and scientist.
With enhanced equation solving capability and extensive user memory, the HP-28S introduces exciting new
possibilities. The entire sct of tables for one-dimensional gas dynamics can be accessed with unequalled accuracy
and speed. But this enhanced power cannot be properly tapped without a preplanned user directory organization
which takes advantage of the HP-28S internal structure. Experience has shown that many students buy expensive
programmable calculators but underuse them, finding their powerfulness baffling and frustrating. They employ
the same computational techniques with sophisticated $200 continuous-memory programmable machines as could
be accomplished with a simple $20 scientific calculator. This manual contains a compendium of useful formulae,
programming, and computational techniques for the popular HP-28S Pocket Calculator. In addition to helpful
instructions on units conversion, directory organization, and problem-solving methodology which will benefit any
HP-28S user, the Aeronautical Engincering student will find sections on Thermodynamics, Aerodynamics, and
Controls which will prove useful in those fields of study.
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SIMULATION OF A ROTORCRAFT IN TURBULENT FLOWS
Robert D. Moran, Jr.-Captain, United States Marine Corps
B.M.E,, Villanova University, 1979
Master of Science in Aeronautical Engineering-September 1991
Advisor: James V. Healey-Department of Aeronautics and Astronautics

Accurate simulation of helicopters in an at-sea-shipboard environment is desired to provide realistic operating
envelopes without incurring the enormous cost of real-time flight tests. This study examines the simulation of
rotorcraft in turbulent flow by looking at previous attempts at helicopter-ship interfacing, current efforts in this
area, and what will be needed in the future. Part of this study is devoted to the construction of an analytic model
of the "tunnel strike” problem of the CH-46 Sea Knight helicopter that is based on measurements made over the
flight deck of a model ship. A computer model was constructed, with the aim of modeling the "tunnel strike"
during engagement aboard AOR type ships. The remainder of the study is concerned with the simulation of the
motion of a helicopter in the turbulent wake of a DD-963 class ship. Results show that a sixth order transfer
function can filter white noise to accurately model the turbulence spectra at specific points along a helicopter
glide path in the wake. While a tunnel strike could not be successfully modeled using DYSCO software, a simple
blade-element program was developed to show the acrodynamic forces on the rotor blades in a specific flow field
over an AOR class ship flight deck. That program shows the location and magnitude of the aerodynamic forces
contributing to the flapping of the rotor blades, which results in the rotor blades impacting the fuselage.

A USER’S MANUAL FOR THE NAVAL POSTGRADUATE SCHOOL
AIRCRAFT SYNTHESIS PROGRAM
John T. Parker-Lieutenant, United States Navy
B.S., University of Maryland, 1984
Master of Science in Aeronautical Engineering-September 1991
Advisor: Conrad F. Newberry-Department of Aeronautics

A menu-driven computer program has been developed to serve as a users interface with ACSYNT, the NASA-
AMES program for aircraft synthesis. The interface program, CREATE, drastically reduces the amount of time
required to learn how to use ACSYNT, thus allowing the power of ACSYNT to be used more effectively by the
Aircraft Design curriculum at the Naval Postgraduate School. CREATE has been developed to reduce the
required number of inputs to ACSYNT and is ideal for use with the early phases of the Aeronautical
Engincering Curriculum. 1t can provide a rapid feedback when examining the effects that different aircraft
parameters have on the overall aircraft performance, thus enhancing the students understanding of the
relationships between the numerous variables of aircraft studies. Included in the thesis are four examples that
demonstrate some of the capabilities of ACSYNT and the use of CREATE.
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A CONTINUING STUDY OF ALTITUDE DETERMINATION DEFICIENCIES
OF THE SERVICE AIRCRAFT INSTRUMENTATION PACKAGE (SAIP)
Robert J. Russell-Lieutenant, United States Naval Reserve
B.S., Oregon State University, 1980
Master of Science in Aeronautical Engineering-September 1991
Adyvisor: Oscar Biblarz-Department of Aeronautical Engineering

After correcting test equipment used in a previous study of the SAIP for ambiguous grounding requirement,
research was continued on aerodynamic factors affecting SAIP altitude measurement. Existing equations for
incompressible flow over a cylinder and a sphere were used to model the static-pressure probe located on the
front of the SAIP pod and an algorithm was derived for the computation of the pressure coefficient, C,. Our
low-speed wind tunnel data show an overpressure at the static pressure ports when the angle of attack (¢) is less
than 14°. The five-inch diameter body of the SAIP, located aft of the static pressure probe, is responsible for

creating a stagnation-like region at the front of the SAIP probe which envelops the static-port location.
Calculation of the altitude error ( o Z) using the model for C,, corrected for compressibility, is within +15%

of the error observed in flight at Mach 0.60. Improvements in the compressibility correction as well as analyses
using an aero-panel method arc suggested before sufficicntly reliable fixes to the SAIP can be proposed.

DEVELOPMENT OF A 1/7-SCALE F/A-18
UAV FOR SUPERMANEUVERABILITY RESEARCH
Michael S. Shelton-Lieutenant Commander, United States Navy
B. of AE,, Auburn University, 1977
Master of Science in Aeronautical Engineering-September 1991
Advisor: Richard M. Howard-Department of Aeronautics and Astronautics

A 1/7-scale F/A-18 Hornet UAYV was constructed for use in generic fighter high-angle-of-attack research. The
aircraft, purchased as a kit, has been extensively modified to incorporate rudders and trailing edge flaps. In
addition, an emergency parachute recovery system (EPRS) was installed for use in the event of departure from
controlled flight, loss of radio signal, structural failure or any other anomaly that would preclude a normal
landing recovery. Parachute performance data and design considerations are discussed. Aerodynamic and
dynamic data have been determined, such as cg, moments of inertia, full and empty weights, surface areas, aspect
ratio and wing loading. Preliminary performance estimations have been determined and the aircraft has been
flown. Future research to include the employment of non-conventional yaw control methods using forebody
strakes and possible pneumatic blowing is discussed. The need to pursue cooperative thesis research in the
investigation of a Digital Flight Control System (DFCS), utilizing fly-by-wire active flight controls, is discussed.
This UAV generic fighter program is planned as a multi-thesis student project, and this thesis documents the
research and work of the sccond student involved with the project.




DYNAMIC MODELING AND MODAL ANALYSIS OF AN AIR-TO-AIR MISSILE
Michael Allen Shutty
B.S., Pennsylvania State University, 1983
Master of Science in Aeronautical Engineering-September 1991
Advisor: Edward M. Wu-Department of Aeronautics and Astronautics

The P-3 Orion patrol airplane has a need for an air-to-air missile system for defense against enemy aircraft on
its long-range missions. In response to this need, the Naval Air Test Center was tasked in 1989 to conduct a P-
3/AIM-9 (Sidewinder) integration program. In support of this program, a vibration test stand vsas established
at NPS, and a ground vibration characterization was conducted to determine if a potential flutter problem
existed. This test resulted in the development of a two degree-of-freedom lumped-mass model and experimental
determination of the missile’s resonance modes in pitch. With the recent termination of the P-7A, the P-3
community is now looking at the Orion II program to carry it into the 21st century. The Orion II will most likely
have a beefed-up wing structure, necessitating an analysis of this wing in conjunction with the AIM-9 missile.
This investigation responds to that requirement by concurrently developing a mathematical model of the AIM-9
missile using finite element methods to analytically determine its modal parameters, and setting up a modal test
system to quantify the parameters of this model by experimentally determining the missile’s natural frequencies,
mode shapes and transient response. This fully instrumented test system and associated methodologies could
then be the basis for conducting a comprehensive modal test of the AIM-9 missile system, as well as to quantify
the vibration characteristics of other candidate missile systems for the P-3 and its eventual successor.

DEVELOPMENT AND TESTING OF AN UNMANNED AIR VEHICLE TELEMETRY SYSTEM
Kevin T. Wilhelm-Lieutenant Commander, United States Navy
B.S., United States Naval Academy, 1982
Master of Science in Aeronautical Engineering-September 1991
Advisor: Richard M. Howard-Department of Aeronautics and Astronautics

Unmanned Air Vehicles (UAVs) provide a low-cost, low-maintenance, and effective platform upon which
experimentation can be performed to validate conceptual aerodynamic ideas. However, the UAYV flight test data
acquisition process is complex and requires a reliable recording system for post-flight data analysis. The thrust
of this thesis was the development, construction, and validation of a viable telemetry system for data gathering
and processing. Major areas of focus were: integration of the telemetry into a 1/8-scale model, radio-controlled
F-16A airplane; telemetry circuitry optimization; recording and display of instrumented parameters; and data
reduction techniques necessary to obtain useful information. A test flight was flown and data were gathered
using a steady-heading side-slip maneuver to demonstrate successful integration of all supporting elements.
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MODIFICATION AND EXPERIMENTAL VALIDATION OF A
COMBINED OPTICAL AND COLLECTION PROBE FOR
SOLID PROPELLANT EXHAUST ANALYSIS
Lyle J. Kellman-Captain, United States Army
B.S., United States Military Academy, 1982
Master of Science in Astronautical Engineering-March 1991
Advisor: David W, Netzer-Department of Aeronautics & Astronautics

A combined optical and collection particle sizing probe was further developed and utilized for in situ
measurements in the exhaust plumes of solid propellant rocket motors. Probe shock-swallowing capabilities were
verified using schlieren observations under restricted motor operating conditions. Particle size number
distributions obtained optically using a Malvern Mastersizer and from an automated data retrieval system for
scanning electron microscope photographs of collecied particles were in good agreement when referenced to
common measurement limits, Most of the particles were smaller than 0.5u, but a significant number were
present with diameters to 10u. A very few particles larger than 15u were also present, some as single particles
and some as agglomerates. SEM results showed that many particles were smaller than 0.2u outside the
measurement range of the Malvern instrument. Suggestions are made for futher improvements and validation
procedures for the probe.

PREDICTION OF ATTITUDE STABILITY OF ASYMMETRIC DUAL-SPIN STABILIZED
SPACECRAFT USING IMPROVED LIQUID SLOSH MODEL
Michael J. Szostak-Lieutenant Commander, United States Navy
B.S., United States Naval Academy, 1979
Master of Science in Astronautical Engineering-June 1991
Advisor: Brij N. Agrawal-Department of Aeronautics & Astronautics

The "rigid slug” method for modelling sloshing liquid fuel aboard dual-spin stabilized spacecraft has been shown
to be inadequate by recent flight data. This "rigid slug" model and a uniform gravity modcl put forth by
Abramson is examined in detail. The Abramson mode! is incorporated into a computer simulation written
specifically to predict spacecraft attitude. An analysis is performed with both the modified and unmodified
versions of this simulation to determine the boundaries of stability for rotor and platform asymmetries. The
results show that the improved modcl is better able to predict spacecraft attitude stability.

THE ATTITUDE CONTROL OF FLEXIBLE SPACECRAFT
Richard Joseph Watkins Jr.-Lieutenant, United States Navy
B.S. ChE., Auburn University, 1983
Master of Science in Astronautical Engineering-June 1991
Advisor: Brij N. Agrawal-Department of Aeronautics & Astronautics

This thesis details the design of the Naval Postgraduate School’s Flexible Spacecraft Simulator and the first
attempts at simulation and control of the mnodel. The cffect of flexible structures on the attitude control of
spacecraft has been a topic of research for many years. Only recently has the technology to actually test models
and theory on the ground been available. At the Naval Postgraduate School, an experimental testbed for
research into this area has been constructed. This facility has a model of a satellite with a flexible arm floating
on air pad- to eliminate the effects of friction. A mathematical model of the system has been constructed and
simulations of various mancuvers have been run, utilizing proportional-derivative (PD) control as well as a
Linear-Quadratic-Gaussian (LQG) compensator. Results show that both PD and DQG work well for station
keeping, but that the LQG compcnsator is better for slewing the arm.
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FRACTALS AND CHAOS
Philip Frederick Beaver-Captain, United States Army
B.S,, United States Military Academy, 1983
Master of Science in Applied Mathematics-June 1991
Advisor: Maurice D. Weir-Department of Mathematics

The study of fractal gcometry and chaotic dynamical systems has received considerable attention in the past
decade. Motivated by the interesting computer graphics produced by these fields, mathematicians have attempted
to formalize the theoretical structure of the results, physicists have attempted to apply the theory to real world
phenomena, and laymen have enjoyed much of the popular literature and television programs that the field has
fostered. Unfortunately, the mathematics associated with these subjects has made them inaccessible to most
undergraduates, even if they have a strong background in mathematics This thesis presents the basic ideas of
fractal geometry and chaotic dynamical systems in a setting that can be understood by undergraduate students
who have had a course in advanced calculus. We hope it will allow them to gain an appreciation of the fields
and motivate them to pursue further study.

THE SHORTEST PATH PROBLEM IN THE PLANE WITH OBSTACLES:
BOUNDS ON PATH LENGTHS AND SHORTEST PATHS
WITHIN HOMOTOPY CLASSES
Andre M. Cuerington-Captain, United States Army
B.S., United States Military Academy, 1984
Master of Science in Applied Mathematics-June 1991
Advisor: John R. Thornton-Department of Mathematics

The problem of finding the shortest path between two points in the plane containing obstacles is considered.
The set of such paths is uncountably infinitc, making an exhaustive search impossible. This difficulty is overcome
by reducing the size of the search space. The search is first restricted to a countably infinite set by focusing
attention on the set of homotopy classes. By applying simple optimality principles, we obtain a finite list of such
classes whose union contains the shortest path. This process of simplification is discussed in the thesis of CAPT
Kevin D. Jenkins, U.S. Marine Corps. In this thesis we first discuss a computational investigation of two methods
by which homotopy classes can be named. Next, a computational heuristic is presented that finds the lower
bound for a path in a class. Finally, the true shortest path is found by searching these classes in order of
increasing lower bound. One application of this study is in the area of robotic path planning.

37




COMPARING COMBAT MODELS USING ANALYTICAL SURROGATES
John Ross Green, Captain, United States Army
B.S., Siena College, 1981
Master of Science in Applied Mathematics-June 1991
Master of Science in Operations Research-June 1991
Advisor: Donald R. Barr-Department of Mathematics

The widespread availability of inexpensive high-speed computers has led to the development of complex, detailed,
technical models of combat. These high resolution computer simulations and wargames are touted by their
proponents as low-cost alternatives to extensive, high-cost field training exercises for the training of combat, and
thus as useful training tools is unproven. direct comparison of simulations with field training exercises is often
frastrated by the inherent complexities in each, and the shortage of quality data from field exercises. This thesis
examines the feasibility of comparing these systems indirectly through the use of surrogate analytical models.
A simple discrete time stochastic surrogate model is examined. Techniques for using the surrogate model to
compare battle data are studied using simulated data from a simple combat model. Areas for further research
are discussed.

THE SHORTEST PATH PROBLEM IN THE PLANE WITH OBSTACLES:
A GRAPH MODELING APPROACH TO PRODUCING FINITE
SEARCH LISTS OF HOMOTOPY CLASSES
Kevin Dean Jenkins-Captain, United States Marine Corps
B.S., Virginia Military Institute, 1985
Master of Science in Applied Mathematics-June 1991
Advisor: John R, Thornton-Department of Mathematics

The problem of finding the shortest path between two points in a plane containing obstacles is considered. The
set of such paths is uncountably infinite, making an exhaustive search impossible. This difficulty is overcome by
reducing the size of the search space. The search is first restricted to a countably infinite set by focusing
attention on the set of homotopy classes. By applying simple optimality principles, a finite list of such classes
is obtaincd whose union contains the shortest path. This process of simplification is accomplished by modeling
the topology of the region with a graph. Optimality principles come into play during a graph traversal which is
used to produce the finite search list. In addition, a computational investigation of two methods by which
homotopy classes can be named is discussed, and properties of the graph models are investigated. The thesis
of Captain Andre M. Cuerington, U.S. Army, calculates the actual shortest path using the search list produced
here.
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A PROBABLISTIC DERIVATION OF STIRLING’S FORMULA
Hsin-Yun Li-Lieutenant Commander, Republic of China Navy
B.S., Chinese Naval Academy, 1980
Master of Science in Applied Mathematics-March 1991
Advisor; Chris L. Frenzen-Department of Mathematics

Stirling’s formula is one of the most frequently used results from asymptotics. It is used in
probability and statistics, algorithm analysis and physics. In this thesis we shall give a new
probabilistic derivation of Stirling’s formula. Our motivation comes from sampling randomly with
replacement from a group of n distinct alternatives. Usually repetition will occur before we obtain
all n distinct alternatives consecutively. We shall show that Stirling’s formula can be derived and
interpreted as follows: as n---> o the expected total number of distinct alternatives we must sample
before all n are obtained consecutively is asymptotically equal to the expected number of attempts
we make to obtain all n distinct alternatives consecutively times the expected number of distinct
alternatives obtained per attempt.

STURM-LIOUVILLE EIGENFUNCTIONS EXPRESSED IN DETERMINANT FORM
Michael D. Phillips-Captain-United States Army
B.A., Cameron University, 1982
Master of Science in Applied Mathematics-June 1991
Advisor: Gordon E. Latta-Department of Mathematics

The purpose of this thesis is to investigate and establish Sturm-Liouville properties for special
eigenfunctions which are expressed in determinant form. In particular, a special case is presented
where the elements of the determinant are Legendre polynomials. This type of determinant has
a probability background dealing in birth and death processes. The method of analysis used in this
thesis is a new approach to solving this specific example. This investigation involves systems of
differential equations and Prufer’s analysis in the phase plane. The following are new results
obtained in addition to solving the special case mentioned above. Special determinants of
hypergeometric functions also possess Sturm-Liouville properties. As a special case, a different
proof of Turan’s Inequality is provided. Finally, several theorems are presented for Sturm-Liouville
systems of differential equations with polynomial coefficients.

CALCULATION OF CHIP TEMPERATURES USING ELLPACK
Vincent J. van Joolen, Lieutenant, United States Navy
B.S., University of California, San Diego
Master of Science in Applied Mathematics-June 1991
Advisor: Beny Neta-Department of Mathematics

In this thesis we report on an experiment to solve a three dimensional elliptic problem using
ELLPACK software. The physical problem arises when calculating the distribution of temperatures
within an electronic package in order to assist in the design of appropriate cooling. ELLPACK
software is modificd here to solve three dimensional problems more general than the ones it was
originally designed for.
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ADAPTIVE WINDOWS VIA KALMAN FILTERING IN THE SPECTRAL DOMAIN
Ronald C. Adamo-Lieutenant Commander, United States Navy
B.S., Tulane University, 1980
Master of Science in Applied Science-March 1991
Advisor: Ralph D. Hippenstiel-Department of Electrical & Computer Engineering

Application of classical windows to time series data is a means of enhancing the performance of the
periodogram. Use of these classical windows results in the broadening of the spectral mainlobe. A Kaiman filter
will smooth spectral data by dividing the periodogram of unwindowed time series data into piecewise constant
segments, ideally into noise-only and signal-only segments. This allows for a more accurate representation of
the mainlobe of the original periodogram. The Kalman filter was modified to alter the filter parameter B during
filtering to provide maximun smoothing during the noise-only segment and maximum sensitivity in the vicinity
of the spectral peak of the periodogram. This modification results in a smoothing of the noise-only portion of
the periodogram while leaving the main spectral peak essentially unaltered. A second meodification was made
to substitute the original war values of the periodogram for the filter estimates during detected up-transitions
while smoothing the noise-only segments in the same manner as in the original Kalman filter algorithm. This
further enhances the preservation of the mainlobe of the periodogram and lowers the noise floor 1 to 3 dB over
that of the original Kalman filter. These processes were further enhanced by stacking the output periodograms
and displaying them as LOFAR output on thc Sun workstation. NCAR graphics grey-toning subroutine is used
to gencrate the LOFAR displays.

INVESTIGATION OF A HEAT DRIVEN THERMOACOQUSTIC
PRIME MOVER ABOVE ONSET OF SELF-OSCILLATION
Earl Clayton Bowers-Lieutenant, United States Navy
B.S., United States Naval Academy, 1985
Master of Science in Applied Science-September 1991
Master of Science in Engineering Acoustics-September 1991
Advisor: Anthony A. Atchley-Department of Physics

The goal of this thesis is to investigate the work output of a heat driven thermoacoustic prime mover above onset
of self-oscillation. The exponentially growing sound wave, generated when a prime mover is initially "turned on",
was digitally sampled for a helium filled prime mover at pressures ranging from 238 kPa to 500 kPa and at
temperature differences ranging from onset to 400 K. This data was then digitally filtered by a 100 Hz band pass
filter centered on the prime mover’s fundamental frequency. A lecast mean squares fit was applied to th.
envelope of the filter’s output in order to determine the temporal absorption coefficient B. From 8, the quality
factor was computed. These quality factors were then compared to thermoacoustic theory. The agreement
between the theoretical predictions and the measured results is extremely good at high mean gas pressures. As
thc mcan gas pressure decreases, however, the agreement between the theoretical value of onset and the
predicted slope of the data, increasingly deviate.
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COMPARATIVE ANALYSIS OF THE SAFARI MODEL WITH
NATIVE 1 DATA IN THE VLF REGIME
Jerome L. Cleveland, Jr.-Lieutenant Commander, United States Navy
B.S.; University of Florida
Master of Science in Applied Science-September 1991
Advisor: Alan B. Coppens-Department of Physics

Few underwater acoustic models have been validated in the Very Low Frequency (VLF) regime. The purpose
here is to explore one model’s abilities and compare it with ocean data once it is ascertained the model has
converged to its final solution. A comparative analysis of data recorded in NATIVE 1 (the Noise and
Transmission Loss in VLF Environments) Event 1 and results generated using the Seismo-Acoustic Fast field
Algorithm for Range-Independent Environments (SAFARI) is the focus of this study, with emphasis on
understanding some of the model’s features.

ACOUSTIC PROPAGATION LOSS MODELING FOR DABOB BAY, WASHINGTON
John R. Mitchell-Lieutenant, United States Navy
B.S., Clemson University, 1984
Master of Science in Applied Science-September 1991
Advisor: Oscar B. Wilson, Jr.-Department of Physics

An analysis of the acoustic sound propagation in a multipath environment in an ocexn at short ranges has been
conducted using a Modified Time Delay Spectrometry (TDS) and an experimental continuous-wave technique.
Data from the acoustic test range at Dabob Bay, Washington were analyzed to determine the relative amplitudes
of the direct- and surface-reflected signals. The results show that, at moderate ranges and typical source and
receiver depths, the surface-reflected sound is a significant contributor to the received sound level. The theory
supporting both techniques is presented. Discussions and conclusions are drawn. Recommendations for future
investigation are made.

ESTIMATION OF RANGE ERROR IN BISTATIC SONAR
John Charles Nygaard-Lieutenant, United States Navy
B.S., Auburn University, 1984
Master of Science in Applied Science-March 1991
Advisors: Alan B. Coppens & Harvey A. Dahl-Department of Physics

This thesis examines the range error propagation and uncertainties associated with bistatic sonar operations.
An equation for determining range to the target from the receiver is explored for feasibility of practical
applications. This particular equation does not require the separation distance between the source and receiver
however, it does require an assumption of the mean sound speed over the two paths of the signal even though
it could change drastically over a few miles. This thesis explores the contribution of eccentricity on the bistatic
ellipse and the associated error. Examples demonstrate these effects by comparing cases of unequal mean sound
speeds over the different paths at different values of eccentricity.
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FIBER-OPTIC FLEXURAL DISK ACCELEROMETER
Joanne E, Olcott-Lieutenant Commander, United States Navy
B.S., Oregon State University
Master of Science in Applied Science-September 1991
Adyvisors: David A. Brown & Steven L. Garrett-Department of Physics

The fabrication and calibration of a fiber-optic flexural disk accelerometer is discussed in this thesis. The
accelerometer is comprised of a cylindrical body with thin, flexible end plates (or disks) and an interior spindle
coupling the disks together ensuring proper phasing. The sensing mechanism is comprised of single mode optical
fiber wound into flat coils and epoxied on to the inside faces of the disk:, forming the legs of a Michelson
interferometer. The use of both legs of this fiber-optic interferometer as sensing elements provides a "push-pull”
enhancement and effectively doubles the accelerometer’s response while providing common-mode rejection of
pressurc and temperature variations. The acceleration sensitivity for a sensor consisting of two 1.8" by 1/25"

disksis A ¢/a, = 49 radians/g with a resonance frequency of 2450 Hz. The fractional phase change per unit

forceis A ¢/¢ma. = 5.5 x 10°N".

RECURSIVE RAY ACOUSTICS FOR THREE-DIMENSIONAL SOUND-SPEED PROFILES
F. Wynn Polnicky-Lieutenant, Canadian Navy
B.Math., University of Waterloo, Canada, 1976
Master of Science in Applied Science-September 1991
Master of Science in Engineering Acoustics-September 1991
Advisor: Lawrence J. Ziomek-Department of Electrical and Comvuter Engineering

A comparison of a simple recursive ray acoustics algorithm versus a ray acoustics algorithm based on solving a
system of first-order ordinary differential equations was conducted. The recursive ray acoustics (RRA) algorithm
was found to be accurate and relatively fast. The RRA algorithm is capable of handling sound speed as a
function of all three spatial coordinates, and this capability was demonstrated. Two separate methods of
representing a sound-speed profile (SSP) based on data points were examined: Akima cubic spline and spatial
Fourier serics (SFS). The SFS representation encountered difficulties in accurately modeling SSPs.  Various
techniques were applied to improve the SFS sound-speed representation. While accurate sound-speed fits were
eventually achieved, difficulties remained in the SFS modeling of first and second-order derivatives of the sound-
specd data. The RRA algorithm was tested using the SFS sound-speed representation and found to be
significantly inaccurate. A demonstration was conducted of the ability of the SFS sound-speed representation
to incorporate randomness in the SSP.
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EVALUATION OF THE MPA’S DETECTION AND ALLOCATION MODELS
UTILIZED BY THE ASW SYSTEMS EVALUATION TOOL (ASSET)
Richard M. Shaffer
Master of Science in Applied Science-September 1991
Advisor: James N, Eagle-Antisubmarine Warfare Academic Group

The primary objective of this thesis is to analyze and recommend improvements to the Maritime Patrol Aircraft
(MPA) detection and allocation models utilized by the ASW Systems Evaluation Tool (ASSET), version 1.0.
ASSET is a generic high-level ASW modeling tool, -designed to aid CNO (OP-71) in the development and
refinement of ASW top-level warfare requirements and the ASW Master Plan. ASSET’s strengths lie in its C’I
modeling of submarine, MPA, and overhead surveillance in large scale ASW campaigns. To reduce the
processing time required by ASSET, the current version of the MPA detection model contains simplifications
which can limit its ability to effectively simulate some MPA tactical ASW scenarios. This thesis proposes two
new MPA detection models which utilize the coverage area of a user-defined sonobuoy pattern and address the
limitations of the current ASSET model. Also proposed is an MPA allocation scheme which should provide a
higher cumulative detection probability.

ACCURACY ASSESSMENT FOR THE AUXILIARY TRACKING SYSTEM
Michael Paul Taylor-Lieutenant, United States Navy
B.S,, United States Air Force Academy, 1985
Master of Science in Applied Science-September 1991
Advisor: Robert R. Read-Department of Operations Analysis

The Auxiliary Tracking System (ATS) is being developed to allow for an accurate underwater tracking capability
that can be deployed anywhere in the world. A simulation was created to determine the impact upon the relative
accuracy of the system due to a normally distributed noise. The simulation was used to look at the impact of
range between targets and the depth spacing of the suspended transducers on the relative tracking accuracy.

AN EXAMINATION OF TARGET TRACKING IN THE ANTISUBMARINE
WARFARE SYSTEMS EVALUATION TOOL (ASSET)
Paul William Vebber-Lieutenant, United States Navy
B.S., University of Wisconsin-Madison, 1984
Master of Science in Applied Science-September 1991
Advisor: James N. Eagle-Antisubmarine Warfare Academic Group

The role of the Maneuvering Target Statistical Tracker (MTST), a Kalman filter tracking algorithm based on
the Integrated Ornstein-Uhlenbeck (IOU) motion process, in the Antisubmarine Warfare System Evaluation Tool
(ASSET) is examined and its operation described. ASSET is a campaign simulation which models open-ocean
ASW scenarios featuring prosecution of hostile submarines by friendly submarines and aircraft based on cues
provided by data fusion centers. The heart of cach data fusion center is an MTST which integrates new contact
information into tracks. Comparing the level of sophistication of the tracking algorithm to that of the contact
data provided to it, a number of simplifications are proposed. These include using reduced complexity IOU
prediction and Kalman filter equations; the use of pre-processed variance data together with the true position
of targets to estimate, rather than explicitly calculate, updated track states; and limiting contact processing based
on information content. Results indicate a good simulation of tracker output is produced using a greatly
simplified algorithm. This technique can be generalized to other types of simulations involving target tracking.
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VIEWER-A USER INTERFACE FOR FAILURE REGION ANALYSIS
Vicki Sue Abel-Lieutenant Commander, United States Navy
B.A., University of Dallas, 1979
Master of Science in Computer Science-December 1990
and
Medio Monti-Captain, United States Marine Corps
B.S., Allegheny College, 1979
Master of Science in Computer Science-December 1990
Advisor: Timothy Shimeall-Department of Computer Science

Two issues gaining interest in the computer community are the development of software testing tools and the
increase of graphical user interfaces in all types of software. VIEWER is a program that provides support to
a set of tools that work in an integrated fashion to analyze Pascal programs to determine the failure regions
associated with identified faults in the program. It is a graphical user interface that facilitates the process of
analyzing the program. It provides automated coordination between the tools and as such maintains a certain
level of abstraction for the analyst. It allows for rapid and customized improvement in the automation of the
analysis process. The thesis discusses the background involved in testing tools, uscr interfaces, and the
combination of the two into a useful tool. An implemented prototype is discussed and an example of failure
region analysis performed with the graphical user interface is included.

NPSME-AN INTERACTIVE TOOL FOR
MATERIAL CHARACTERISTICS SPECIFICATION
Wilhelm F. Anderson-Lieutenant Commander, United Siates Navy
B.S., United States Naval Academy, 1977
Master of Science in Computer Science-December 1990
Advisor: Michael J. Zyda-Department of Computer Science

A general tool capable of interactively creating, displaying, modifying, and managing lists of material
specifications is required for the display of 3D icons on the Silicon Graphics Inc. IR1S 4D workstation. The
Naval Postgraduate School Material Editor (NPSME) fulfills thesc requirements using an interactive interface
and provides dircct support for the Naval Postgraduate School’s Command and Control workstation of the Future
project.

DESIGN AND IMPLEMENTATION OF A MULTIMEDIA DBMS:
COMPLEX QUERY PROCESSING
Huseyin Aygun-Lieutenant Junior Grade, Turkish Navy
B.S., Turkish Naval Academy, 198§
Master of Science in Computer Science-September 1991
Advisor: Vincent Y. Lum-Department of Computer Science

Traditional Databasec Management systems are capable of managing only alphanumeric data. The Multimedia
Database Management System (MDBMS) prototype started at the Computer Science Department of Naval
Postgraduate School in 1988, made it possible to capture, store, manage, retricve and present different media
information such as imagc and sound by using the current, modern computer technology. In the cxisting
MDBMS, if a query references only formatted data, it is passed to INGRES dircctly, but if a query includes
media data, then the query is decomposcd into multiple subquerics cach of which must be individually processed,
and the intermediate results of which must be recomposed to form the final result to be given to the user. This
thesis will concentrate on complex querics involving nesting conditions and multiple sclections which arc not
supported by the existing MDBMS prototypc.
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THE DESIGN AND IMPLEMENTATIOON OF AN EXPANDER AND CONSISTENCY
CHECKER FOR THE HIERARCHICAL REAL-TIME CONSTRAINTS OF
COMPUTER AIDED PROTOTYPING SYSTEMS (CAPS)

Suleyman Bayramoglu-Licutenant Junior Grade, Turkish Navy
B.S., Turkish Naval Academy, 1984
Master of Science in Computer Science-September 1991
Advisor: Valdis Berzins-Department of Computer Science

As part of developing the Execution Support System of Computer-Aided Prototyping System (CAPS), there is
a nced to translate and schedule prototypes of hard real-time systems whose specifications are defined in a
hierarchical structure by using the Prototyping System Description Language (PSDL). We present a design and
implementation of a PSDL expander in this thesis. The expander translates a PSDL prototype with an arbitrarily
decp hierarchical structure into am equivalent two-level form that can be processed by the current
implementations of the other CAPS tools. The design of the expander also provides for inheritance of timing
constraints and static consistency checking. To establish a convenient representation of PSDL specifications, we
define an Abstract Data Type (ADT) that provides an Ada representation of PSDL specification. The main idea
behind the PSDL ADT is forming an abstract representation of PSDL to support software tools for analyzing,
constructing, and translating PSDL programs. The PSDL ADT is built by using other common abstract data
types, i.e., maps, scts, sequences, graphs, and stacks. The construction process of ADT itself is done by an
LALR(1) parser, generated in Ada using the tools ayacc and aflex, a parser generator and a lexical analyzer.

UNDERWATER MULTI-DIMENSIONAL PATH PLANNING FOR THE
NAVAL POSTGRADUATE SCHOOL AUTONOMOUS UNDERWATER VEHICLE 11
Joseph Bonsignore, Jr.-Captain, United States Marine Corps
B.S., The Virginia Military Institute, 1979
Master of Science in Computer Science-September 1991
Advisor: Yuh-jeng Lee-Department of Computer Science

Traditionally path planning software has been developed in LISP or C, with the rccent government mandate for
the use of Ada, this thesis seeks to demonstrate the feasibility of using Ada for hoth path preplanning and real-
time path replanning. Land vehicle path planning can be accomplished with two horizontal components.
However, for autonomous underwater vehicles, the two horizontal components and a vertical component are
required. Memory and computational speed restrictions dictate that special processing of the search space be
conducted to optimize the time-space trade-off. In this research, a four dimensional array of nodes (two
horizontal components, one vertical component and one orientation component) is used to represent the search
space. By use of an orientation component, the number of nodes that can be legally moved to is limited, in
cffect pruning the secarch space. Three search mcthods were investigated: the Tendril search, the Direction
search and the Real-time A* search. The Tendril search is a wavefront, breadth-first search. The Direction
scarch uses a vector field for path planning. The Real-time A* search uses the Tendril search to a specified
scarch depth then applies a heuristic to determine the best path to expand upon.
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AN EMPIRICAL STUDY OF FAULT DETECTION BY
STATIC UNITS-CONSISTENCY ANALYSIS
Judy A. Browning-Captain, United States Army
B.S., University of Southern Mississippi
Master of Science in Computer Science-September 1991
Advisor: Timothy Shimeall-Department of Computer Science

With the increasing costs involved in software development, testing has become a more critical aspect of the
software engineering process. Automatic methods, such as various static analysis techniques, may offer economic
fault detection. This thesis analyzes a static analysis technique that allows users to associate units with variables
in computer programs and to check that data transformations manipulate units in a consistent manner. A tool
is designed and applied for this analysis. Its performance is measured by comparing the results with a previous
study of other testing techniques in detecting faults. The results reveal that this technique consistently detected
a narrow class of faults including some faults not found by other testing techniques. The results also show that
application of this technique during the requirements and design phases of software development can identify
faults associated with units-inconsistency early and reduce costs involved in developing a piece of software.

COMPUTER FEAR AND ANXIETY IN THE UNITED STATES ARMY
Michael S. Buchner-Captain, United States Army
B.S., University of Arizona, 1979
Master of Science in Computer Science-March 1991
Advisor: Thomas Mitchell-Department of Operations Research

The fear of technology, particularly computers, appears to be widespread. This thesis defines computer fear and
anxiety, its consequences, and provides recommendations to reduce its impact. Further, it attempts to quantify
the extent of computer fear and anxiety in the U.S. Army. Finding 1: As some soldiers increase their interaction
with computers through training and experience their level of computer fear, anxiety, and apprehension also
increases, at least for the short term. Finding 2: The extent of computer anxiety in the U.S. Army is as high
as 11% for computer specialists and as high as 18% for "end-users." The extent of severe computer anxiety is
approximately 4.5% for both computer specialists and "end-users." Finding 3: There is not a set of
characteristics that can be used to draw a profile of a computer anxious individual. Observation/hypothesis:
Computer anxiety may be understood as a cycle, termed the Computer Anxious Cycle. The cycle involves four
stages: ignorance is bliss, computer shock, rising anxiety, and relief. This hypothesis requires additional research.

NPSNET-MES: SEMI-AUTOMATED FORCES INTEGRATION
Carl Patrick Cecil-Major, United States Army
B.S., United States Military Academy, 1979
Master of Science in Computer Science-September 1991
Adyvisors: Michael J. Zyda & David R. Pratt-Department of Computer Science

NPSNET-MES provides realistic semi-automated forces (SAF) for interactive play in the three dimensional visual
. simulator, NPSNET. NPSNET-MES consists of two components. The first component is a path generation
module that determines the SAF route and mission based upon the SAF controller input. This module generates
multiple segment paths based on obstacle avoidance. The second component is a vehicle controller module that
uses the programmable network harness, NPSNET-NET, to multicast data packets via the Ethernet to control
the SAF vehicles during the simulation. NPSNET-NET integrates SAF into an already existing network
simulator such that no changes are necessary to the existing system, NPSNET. NPSNET-MES fulfills a real need
in networking simulation to populate the battlcfield simulation with semi-automated forces.
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SEARCHING FOR SHORTEST AND SAFEST PATHS ALONG
OBSTACLE COMMON TANGENTS
Jerry Allen Crane-Major, United States Army
B.S., United States Military Academy, 1979
Master of Science in Computer Science-September 1991
Advisor: Yutaka Kanayama-Department of Computer Science

This thesis describes a method for computing globally shortest paths for a point robot in a two-dimensional,
orthogonal world composed of convex and concave polygons through the construction of obstacle common
tangent visibility graphs. Visibility and intersection testing are based on the orientation of three of more points
in the plane, and complex obstacle iangent visibility graphs are constructed using only these orientation
rclationships. Obstacle common tangents for convex and concave polygonal obstacles are implemented as a
computational representation of locally shortest paths. A series of tangent sequences form global paths which
equate to global path equivalence classes, cffectively reducing the path finding problem to that of finding the
shortest path in the path equivalence class. A simple and logical approach for processing concave polygons using
convex subpolygons is implemented, allowing common tangent construction and path searching algorithms to
process complex geometrical shapes in an cfficient and symbolically unique fashion.. Dijkstra’s algorithm is
implemented using heuristic control for optimal path searching. The framework for utilizing constant clearance
strips for safe path planning along obstacle common tangents is presented but not fully implemented.

DFQL: A GRAPHICAL DATAFLOW QUERY LANGUAGE
Gard J. Clark-Lieutenant, United States Navy
B.S., United States Naval Academy, 1985
Master of Science in Computer Science-September 1991
Advisor: Thomas Wu-Department of Computer Science

In nearly all large organizations, the Navy and Department of Defense being no exceptions, the use of database
management systems (DBMS’s) has become widespread. The prevailing data model for modern DBMS’s is the
relational model developed by Codd in the early 1970s. The relational model’s superiority is due to its well
thought out design and founding in mathematical logic. The de facto standard query language for relational
DBMS’s IBM’s Structured Query language (SQL). Although SQL is the most widely used query language today,
it has many problems, specially in the ease-of-use area. The purpose of this thesis is to design, implement, and
test a new query language, DFQL, which will mitigate SQL’s case-of-use problems. DFQL provides a graphical
query interface based on the dataflow paradigm in order to allow a user to casily and incrementally construct
qucrics for a relational database. DFQL is relationally complete, maintains relational operational closure, and
is designed to be casily extensible by the end user. DFOL has been implemented on an Apple Macintosh using
an ORACLE rclational DBMS. A simple human factors expcriment was performed in which DFQL’s ease of
query writing compared favorably to that of SQL.
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THE DEVELOPMENT OF USER INTERFACE TOOLS FOR THE
COMPUTER AIDED PROTOTYPING SYSTEM
Mary Ann Cummings-Civilian, Naval Surface Warfare Center
B.S., James Madison University, 1984
Advisors: Lucia Luqi & Patrick D. Barnes-Department of Computer Science

The computer Aided Prototyping System (CAPS) was created to rapidly prototype real-time systems in order
to determine if the system requirements can be met early in the development cycle. CAPS consists of several
software tools that automatically generate an executable Ada model of the proposed system from a given
specification. This thesis describes the development of a user interface for CAPS. The user interface supports
the design, modification and execution of the software prototype throughout the entire prototyping life cycle.
It makes use of X Windows and advanced windowing techniques and allows the user to run the tools
concurrently. The user interface incorporates a separate tool interface which controls the interaction between
the CAPS tools and the user interface. The graphic editor uses advanced graphics capabilities to give the user
more flexibility in editing a graphical representation of the prototype. It automatically produces a formal
representation of the prototype to be used by the other tools in CAPS.

SOFTWARE TESTING FOR EVOLUTIONARY ITERATIVE RAPID PROTOTYPING
Edward Vernon Davis, Jr.-Major, United States Marine Corps
B.S., United States Naval Academy, 1978
Master of Science in Computer Science-December 1990
Advisor: Timothy J. Shimeall-Department of Computer Science

Rapid prototyping is emerging as a promising software development paradigm. It provides a systematic and
automatable means of developing a software system under circumstances where initial requirements are not well
known or where requirements change frequently during development. To provide high software quality assurance
requires sufficient software testing. The unique nature of evolutionary iterative prototyping is not well-suited for
classical testing methodologies, therefore the need exists for a testing methodology tailored for this prototyping
paradigm. This thesis surveys current prototyping and testing practices to provide a foundation for developing
a software testing methodology for prototyping. The thesis then describes a testing methodology for rapid
prototoyping, Spiral Testing, and the Test Goal Tracking System (TGTS), a requirements-based testing tool
developed for use with the Computer Aided Prototyping System (CAPS). TGTS provides the first in an
anticipated family of testing tools to supoprt the CAPS environment. This thesis shows key prototyping
characteristics impinging on testing, the value of Spiral Testing and the feasibility and qualitics of complementary
testing tools to support evolutionary iterative rapid prototyping.

INTERNETWORKING WITH INTERNET PROTOCOL (IP) AND
TRANSMISSION CONTROL PROTOCOL (TCP) WITHIN THE MILITARY
Bruce Eikenberg-Captain, United States Marine Corps
B.S., United States Naval Academy
Master of Science in Computer Science-December 1990
Advisor: G.M. Lundy-Department of Computer Science

The backbone of the internetworking technology widely used by the military, as well as many civilian installations,
is commonly referred to as TCP/IP. Transmission Control Protocol (TCP) and Internet Protocol (IP) are the
two standard communication protocols from which TCP/IP receives its name. By utilizing TCP/IP, the majority
of technical issues of interconnecting various computer technologies have become transparent to the user. This
thesis conducts an in depth study of many aspects of the TCP/IP technology. Based upon descriptions provided,
flowcharts detailing the series of procedures of numerous functions of both TCP and IP are created.
Additionally, inefficient TCP/IP functions are discussed and possible solutions to the inefficiencies are provided.
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A FORMAL MODEL OF THE MAC LAYER OF AN IMPROVED FDDI PROTOCOL
Jose Luiz Timbo Elmiro-Lieutenant, Brazilian Navy
B.S., Brazilian Naval Academy, 1979
Master of Science in Computer Science-September, 1991
Advisor: G.M, Lundy-Department of Computer Science

This research examines an improved FDDI protocol which ideally raises the network throughput form 100 to
a maximum of 300 Megabits per second. It develops the details of the protocol structure at the MAC layer and
provides a formal specification using a formal model for protocol specification called Systems of Communicating
Machines. The study investigates the MAC FDDI standard and conforms the improved protocol to the
specifications of that document. The MAC protocol employs a Timed-Token Controlled Concurrent Access with
simultaneous transmission on the FDDI dual ring. Key characteristics of FDDI are maintained in the improved
protocol. The formal specification enhances protocol interpretation and verification. It reduces protocol
ambiguities and allows proofs for protocol verification and correctness. A formal specification of a real-world
network protocol contributes to multivendor interopcrability achicvemeut.

DESIGN AND IMPLEMENTATION OF A COLLISION AVOIDANCE SYSTEM FOR
THE NPS AUTONOMOUS UNDERWATER VEHICLE (AUV II) UTILIZING
ULTRASONIC SENSORS
Charles Alan Floyd-Commander, United States Navy
B.S.E.E., United States Naval Academy, 1975
Master of Science in Computer Science-September 1991
Advisor: Yutaka Kanayama-Department of Computer Science

The recognition of underwater objects and obstacles by sonar has been explored in many forms, particularly
through the use of high-iesolution imaging sonar systems. This work explores a method of providing real-time
obstacle avoidance and navigational position updating for an Autonomous Underwater Vehicle (AUV) by
applying regression analysis and geometric interpretation to sonar range data obtained from a low-cost, low-
resolution, fixed-beam sonar. The algorithm utilized by this method first develops a least-squares fit for sonar
range data in a 2-D manner. The parameters developed by this method are then compared to an environmental
model for position identification. If no match is achieved, then by applying the known geometry of the acoustic
signal, an estimate for a 3-D surface is derived. This derived 3-D surface 1s then added to the environmental
model to enable accurate path planning and post-mission analysis information. This method is currently
implemented on an operational AUV operating in a well-defined orthogonal environment at NPS. The paper
also discusses the simulation of the sonar systems using a ray tracing technique in a real-time dynamic graphical
simulation implemented on a Silicon Graphics IRIS workstation.

AN OBJECT-ORIENTED APPROACH TO COMPUTER ARCHITECTURE SIMULATION
Kevin Anthony Fontes-Lieutenant, United States Navy
B.S., California Polytechnic State University, 1984
Master of Science in Computer Science-September 1991
Advisor: Michael L. Nelson-Department of Computer Science

An object-oriented approach to modeling and simulating computer architectures is presented. This approach
yields a ‘generic’ class hierarchy that supports the simulation of basic computer microarchitecture components
found in most computers. This is accomplished by concentrating on the more generic concepts of processors,
memories, registers, etc., rather than concentrating on a specific system. The ‘generic’ class hierarchy is tested
by developing microarchitecture simulators for two diffcrent microarchitecture designs.
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SAFETY ANALYSIS OF HETEROGENEOUS-MULTIPROCESSOR
CONTROL SYSTEM SOFTWARE
Janet A. Gill-Civilian, Naval Air Test Center, Patuxent River, Maryland
B.S., University of West Florida, 1985
Master of Science in Computer Science-December 1990
Advisor: Timothy J. Shimeall-Department of Computer Science

Fault trees and Petri nets are two widely accepted graphical tools used in the safety analysis of software.
Because some soltware is life and property critical, thorough analysis techniques are essential. Independently,
Petri nets and fault trees serve limited evaluation purposes. This thesis presents a technique that converts and
links Petri nets to fault trees and fault trees to Petri ncts. It enjoys the combinational benefits of both analysis
tools. Software Fault Tree Analysis and timed Petri nets facilitate software safety analysis in heterogeneous-
multiprocessor control systems. Analysts use a Petri net to graphically organize the selected software. A fault
trce supports a hazardous condition with subsequent leaf node paths that lead to the hazard. Through the
combination of Petri ncts and fault trees, an analyst can determine a software fault if he can reach an undesired
Petri net state, comparable with the fault tree root fault, from an initial marking. All transitions leading to the
undcsired state from the initial marking must be enabled and the states must be marked that represent the leaf
nodes of the fault tree path. It is not the intention of this thesis to suggest that an analyst be replaced by an
automated tool. There must be analyst interaction focusing the analyst’s insight and experience on the hazards
of a system. This method is proposed only as a tool for evaluation during the overall safety analysis.

AN EMPIRICAL APPRCACH TO ANALYSIS OF SIMILARITIES
BETWEEN SOFTWARE FAILURE REGIONS
Lelon Levoy Ginn-Lieutenant, United States Navy
B.S., Lubbock Christian College, 1981
Master of Science in Computer Science-September 1991
Advisor: Timothy J. Shimeall-Department of Computer Science

Previous authors have postulated that faults are related to each other and testers have tricd to exploit the effect.
However, the evidence and applications have been largely anecdotal. This thesis uses an analytical derivation
of software failure regions to develop a quantitative metric of the relationship of one fault to another. This
metric is then applied in an empirical study of a population of failure regions derived from faults used in a
previous experiment, The failure regions were analyzed for clustering behavior using graph theory techniques.
The goal of this study is to be able to use information about known faults in a program as a means of finding
other faults in the same program. This study provides strong evidence that failure regions have a tendency to
form clusters. Further, two specific characteristics of failure regions that lead to cluster formation arc identified:
shared bounding conditions (the Identical dimension) and shared variables that appear in different contexts (the
Coincidental dimension). The nature of the clusters formed by these two dimensions are markedly different.
The Identical dimension clusters are small, isolated, and strongly connected. The Coincidental dimension clusters
are larger and more looscly connected. Software testing implications of failure region clustering behavior are
discussed.
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DESIGN AND IMPLEMENTATION OF THE MAINTENANCE DATA SYSTEM MODULE
FOR THE ARGOS PAPERLESS SHIP SYSTEM
James Daniel Hendricks-Lieutenant, United States Navy
B.S., United States Naval Academy, 1983
Master of Science in Computer Science-December 1990
and
Jeffrey Alan Kulp-Lieutenant, United States Navy
B.S., The Pennsylvania State University
Master of Science in Computer Science-December 1990
Adyvisor: C. Thomas Wu-Department of Computer Science

The paperless ship concept proposed by VADM Metcalf has been advocated at the highest levels in the Navy.
ARGOS is a prototype multi-media database system under development at the Naval Postgraduate School in
support of this superior concept. This thesis has implemented the maintenance functional area of ARGOS in
a manner that easily interfaces with the existing Maintenance Data Svstem. Additionally, it dcmonstrates the
advanced capabiliiics atainable in a system implemented with economical, off-the-shelf technology.

A STOCHASTIC APPROACH TO SOLVING THE 2 1/2 DIMENSIONAL
WEIGHTED REGION PROBLEM
Cary Allen Hilton-Captain, United States Army
B.S., University of Southern Mississippi, 1980
Master of Science in Computer Science-June 1991
Advisor: Man-Tak Shing-Department of Computer Science

This thesis describes a method of computing a feasible path solution for the anisotropic weighted region problem.
Heuristics are used to locate an initial starting solution. This starting solution is iteratively improved using a
golden ratio search to produce a solution within a specified tolerance. The path solution is then randomly
perturbed or detoured through different region frontiers, and the golden ratio search is again applied. These
random detours are controlled by a process known as simulated annealing, which determines the number of
detours made and decides whether to accept or reject each path solution. Better solutions are always accepted
and worse solutions are accepted based on a probability distribution. Accepting worse solutions allows an
opportunity to escape irom a local minimum condition and continue the search for the optimal path. Since an
exhaustive search is not performed, the globally optimal path may not be found, but a feasible path can be found
with this mcthod.
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THE INTEGRATION SYSTEM FOR THE LOW COST COMBAT DIRECTION SYSTEM

Richard Thomas Irwin-Lieutenant, United States Navy

B.S., University of Michigan-Flint, 1983
Master of Science in Computer Science-September 1991

and
Willie Kelly Bolick-Lieutenant, United States Navy
B.S., University of Arkansas, 1977

M.S., Arkansas State University, 1980

Master of Science in Computer Science-December 1991
Advisor: Valdis Berzins-Department of Computer Science

In a world where changes in technology occur each minute, the demand for a hard Real-Time embedded
computer system deployed on board naval ships not equipped with Navai Tactical Data System increases. As
the demand increases, an important fact looms, a new approach to software development and system design is
essential. The approach used in our research started with the requirement specifying use of Ada as the design
language with UNIX as the operating system, and selection of the commercial workstation rugged enough to
withstand shipboard requirements. The system requires standard power with no special interface equipment for
adaptation to shipboard application. Specific benefits include ease of maintenance and expansion of ongoing
processes and applications, allowing the system to grow as the need grows. This study provides a detailed set
of requirements, functional specifications, designs, and a prototype implementation of the Integrated System for
such a system. The approach taken is to implement the basic features of a Combat Direction System (CDS) on
a commercially available microprocessor workstation. This Intcgration System for the Low Cost Combat
Direction System meets all the requirements specificd by the Naval Sea Systems Command. The code provides
the basic elements and is designed for integration of a database, a user interface, and the ships sensors necessary
to provide essential data to operate the system.

A REAL TIME AUTONOMOUS UNDEWATER VEHICLE
DYNAMIC SIMULATOR
Thomas A. Jurewicz-Commander, United States Navy
B.S., United States Naval Academy, 1975
Master of Science in Computer Science-December 1990
Advisor: Michael J. Zyda-Department of Computer Science

The NPS Autonomous Underwater Vehicle Simulator is a joint project between the Naval Postgraduate School’s
Mechanical Engineering and Computer Science Departments. In order to test mission planning and execution
software, an accurate vehicle dynamic model is required. Using dynamics based upon the Navy’s Swimmer
Delivery Vehicle (SDV), there is a need to continually update the hydrodynamic coefficients based upon actual
vehicle-in-water testing. The NPS AUV Dynamic Simulator contains a full set of submarine equations of motion
and hydrodynamic coefficients. The coefficients are modifiable on-line, and a replay capability exists for further
performance review. Using Monterey Bay as an underwater testing environment, there is the need to be able
to display expansive terrain data while maintaining the real time simulation. The Variable Terrain Resolution
Algorithm incorporated into the NPS AUV Dynamic Simulator enables the entire Monterey Bay data base to
be displayed in real time Resolution adjustments are automatically based upon the vehicle’s depth level and
system performance.
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INTERFACE-DRIVEN SOFTWARE DEVELOPMENT TOOL
Heung-Taek Kim-Captain, Republic of Korean Army
B.S., Electrical Engineering, Korea Military Academy, 1985
Master of Scieiice in Computer Science-December 1990
Advisor: C. Thomas Wu-Department of Computer Science

We live in an age where the volume of paper-based information is steadily expanding. Personal computers have
a great potential as tools for managing information Effectiveness of using personal computers is determined by
how easy it is to use them, since majority of the end-users are not computer experts. Compared with the
advances in software design, the important issue of computer interface has begun to be addressed recently.
There has been a research joining the databasc with the graphical interface to give users an easy-to-use method
for accessing the database. With this, users navigate through the database by following the links from one piece
of information to the next. There are several classes of softwares (languages) to build visual user interfaces:
traditional, object-oriented, and interface-driven languages. In this thesis, we used an interface-driven software
named Guide to build a prototype visual user interface to analyze the effectiveness of interface-driven software.

RAPID PRODUCTION OF GRAPHICAL USER INTERFACES
David Maurice King-Lieutenant, United States Navy
B.S.. North Dakota State University, 1984
Master of Science in Computer Science-December 1990
ard
Richard Montgomery Prevatt, I11-Lieutenant Commander, United States Navy
B.S.E., Duke University, 1977
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